without distinction, so it is extremely difficult to trace exosomes to the cells that secrete them. However, given the high diversity and inhomogeneity of biological samples, it is of great value to correlate the exosomes to the cell source. Furthermore, it is highly desirable to quantify the exosome analysis at a single cell level by finding the changes in exosome properties and secretion rates when cells are affected by stimuli, stresses and/or environmental changes. Here we provide a culture friendly, high-throughput, and versatile single-cell assay that enables quantitative analysis of exosomes secreted by individual cells.
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Procedure

1.
Overall procedure for Single-cell assay used for analyzing exosome secretion is shown in Figure 1 . Details for preparing each material will be described in step 2. www.bio-protocol.org/e2143 ii. For non-adherent cell, the machined PMMA can be used after wash.
c. Clean the machined PMMA using 75% ethanol and UV for 15 min. Note: For silanization we used a glass dish rather than plastic dish.
ii. Add 3 ml ethanol into the dish.
iii. Add 120 μl (3-mercaptopropyl)trimethoxysilane (MPS) into the dish (to get 4% v/v MPS) and mix well. vii. Repeat steps 3d.v and 3d.vi two additional times.
viii. Transfer the glass slides into a new glass dish.
ix. Put the glass slides into a 100 °C oven and dry the slides for 30 min (until fully dry).
Note: Freshly used. Go to next step immediately.
e. Sulfo-GMBS coating i. Weigh 0.764 mg Sulfo-GMBS.
ii. Dissolve Sulfo-GMBS into 2 ml PBS to get 1 mM sulfo-GMBS solution in a 35 mm glass dish.
iii. Immerse the cover glass in the solution.
iv. Put the glass dish on the shaker at 200 rpm and incubate for 10 min and another 30 min without shaking.
v. Rinse with PBS (3 ml) for 5 min 3 times on the shaker at 200 rpm.
Note: Here we use plastic dish for PBS washing.
f. Anti-CD63 Ab immobilization i. Prepare a 35 mm Petri dish.
ii. Add 2 ml PBS into the dish and shake gently to wet the whole surface.
iii. Add 5 μg (5 μl) anti-CD63 Ab into the dish (~0.05 μM).
iv. Use 1 ml pipet to mix the solution 20 times.
v. Immerse the cover glass into the anti-CD63 Ab solution.
vi. Incubate the dish at 4 °C for 2 h.
vii. Rinse the dish with PBS (3 ml) for 5 min 3 times on the shaker at 200 rpm.
g. Block Non-reacted GMBS i. Pipet 3 ml 5% bovine serum albumin (BSA) solution into a sterile 35 mm dish.
ii. Immerse the glass into BSA solution for 30 min at 4 °C.
h. Storage i. Immerse the treated cover glass in PBS at 4 °C.
Notes:
1) There is no need to wash with PBS after BSA blocking.
2) The treated cover glass can be stored for at least 2 months. (We have never tried longer than this duration.)
5. Single-cell loading a. Adhere cell loading array (through hole PDMS for adherent cell or PDMS wells for non-adherent cells) at the center of 35 mm cell culture dish. e. Dispense 2-3 ml culture media into the dish and store in 37 °C overnight (at least 4-6 h depends on the well size). This step will help remove small bubbles trapped in PDMS wells, and ensure no bubbles after ramping up temperature. ii. Dispense 5% BSA in Qdots incubation buffer into a 35 mm Petri dish. iii. Immerse glass slide in the buffer for 2 h at room temperature.
e. Qdots labeling i. Mix well 1 ml Qdots incubation buffer and 10 μl Qdots to get 10 nM Qdots solution.
ii. Immerse the cover glass in the solution for 1 h at room temperature. Cover the dish with aluminum foil.
Note: No washing process before this step.
f. Washing i. Preheat 1x TBST buffer and DI water at 50 °C for 30 min before Qdots labeling finishing.
ii. Add 2 ml 50 °C 1x TBST into a new dish, and transfer the cover glass to the dish with 1x TBST solution.
iii. Put the dish on the shaker and wash for 5 min at 200 rpm.
iv. Repeat steps 7f.ii-7f.iii for three times. ii. Immerse the washed sample in 30% ethanol for 30 sec, 50% ethanol for 30 sec, 75%
ethanol for 30 sec, 90% ethanol for 30 sec, and 2 dishes of 100% ethanol for 30 sec.
iii. Transfer the glass on a clean surface and let it air dry. Cover with aluminum foil during drying.
9. Imaging and counting a. Register fiducial on exosome collected glass slide relative to the position of cell array.
i. Open the image taken at step 6 that contains fiducial, e.g., cross pattern.
ii. Display the image on computer screen using 4x microscope objective lens.
iii. Cover the computer screen with a piece of transparency ( Figure 6 ).
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www.bio-protocol.org/e2143 c. Register exosomes collection sites/cell loading sites i. At this step, we will register exosome collection sites on the glass slide to the center of the field of view initially using 2x/4x objective lens and then 100x objective lens to count the quantum dots that label the exosomes.
ii. Adhere the marked transparency on the screen ( Figure 7A ).
iii. Switch to 2x/4x objective lens or any low magnification.
iv. Move the sample stage until the fiducial on the glass slide is aligned with the fiducial drawn on the transparency ( Figure 7B ). Figure 9A shows an example of an image after haze reduction.
iii. Increase exposure time to 1.5-2.5 sec. It is easier to distinguish Qdots from random noise while using long exposure time. Although you may see both on the monitor, Qdots are always brighter than the noise.
iv. Adjust the focus slowly to see the Qdot signals.
v. Optimize the focus carefully for the highest Qdot image contrast.
vi. Take image with a long exposure time, e.g., 2.5 sec is recommended.
e. Qdots counting i. Black balance. Select an area and adjust the black balance until the dimmer Qdots show on the screen. Figure 9 shows an example noise reduction after black balance. ii. Use cell counter to count the illuminated dots. Carefully set the threshold.
iii. Repeat steps 8f.i and 8f.ii to count all the images.
14 www.bio-protocol.org/e2143 We only imaged the sites that contain a single cell initially. If the cell divided during the experiment, we assumed the same exosome secretion rate for all the cells in the site. Number R43EB021129. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. Yu-Hwa Lo has an equity interest in Nanocellect, Inc., a company that may potentially benefit from the research results. He is a co-founder of the company and a member of the company's Scientific and Advisory Board.
